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KMBERLY BOOTH THURMON 
Isolation and Characterization of Vinclozolin-resistant Mutants 
of Neurospora crassa 
(Under the direction of SARA NEVILLE BENNETT) 
Six vinclozolin-resistant mutants of N. crassa obtained 
following ultraviolet irradiation and selection on vinclozolin 
media, showed 1:1 segregation of the vinclozolin-resistant 
trait. In addition to being vinclozolin resistant, the six 
mutants had altered, non-wild-type morphology and were osmotic 
sensitive, with the different mutants exhibiting varying 
degrees of sensitivity. Genetic analysis indicated linkage of 
the three traits. Reappearance of osmotic sensitivity/altered 
morphology in crosses of phenotypically recombinant progeny 
supported the presence of modifier(s). Rates of growth on 
vinclozolin media placed the six mutants into three groups. In 
most cases the rates were comparable to rates of growth on W-M 
media. Preliminary genetic analysis indicated linkage of three 
mutants to linkage groups I or II. Another mutant was linked 
to mating type with an 8% recombination. 
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INTRODUCTION 
Pathogenic fungi are a major cause of loss of valuable 
food and fiber crops which are essential to maintaining the 
increasing world population. Although there are many taxonomic 
groups of fungi that can cause plant diseases, the Ascomycetes 
lead by numbers as plant pathogens. Most pathogenic fungi are 
facultative parasites and can grow either on living hosts or on 
non-living substrates. Some pathogenic fungi are obligate and 
cannot be grown at all in vitro or else show only limited 
growth on special media. While facultative fungi are 
necrotrophic, killing the plant tissue through the production 
of catabolic enzymes, obligate fungi are biotrophic, allowing 
the host plant to live for a considerable period of time. 
Control of pathogenic fungi can be accomplished in several 
ways to varying degrees of success. Attempts at biological 
control, using other organisms to eliminate fungi, have had 
only very limited success. On the other hand, cultural 
practices, such as rotation of crops, adjustments of planting 
times and destruction of diseased debris, have allowed growers 
to avoid or decrease fungal plant disease. Plant breeding has 
also allowed freedom from fungal diseases in some crops. 
Frequently, however, in these specially bred plants resistance 
is only partial and needs to be complemented with chemical 
control. 
All chemicals used in the control of pathogenic fungi are 
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referred to as "fungicides," although in some cases, the 
chemicals themselves are not fungicidal in the form in which 
they are applied, but have to be converted to an active form by 
the plant and/or fungus in order to be effective. Others 
affect fungal morphogenesis and still other chemicals interfer 
with some mechanism involved in pathogenesis. However, in most 
cases, the exact modes of action of the fungicides are largely 
unknown. 
Although fungicides have been in use for more than one hundred 
years, the number of effective fungicides is still relatively 
low. In 1860, sulphur was the first effective large scale 
fungicide to be used and copper was added as a commercial 
fungicide by 1900, with the number of commercial fungicides 
increasing from six in 1940 to eighty in 1980. 
Fungicides can be grouped into two major categories, 
surface or protectant fungicides and systemic fungicides. 
Surface fungicides form superficial deposits on the plant and 
work largely through inhibition of germination of spores 
(Brent, 1984). Use of these fungicides is limited to those 
cases in which the fungicides penetrate the fungal spores but 
not the host plant because damage can occur in plant species 
which allow uptake of the fungicide. Other limitations of 
these surface fungicides include the failure to erradicate 
established infections where those infections are mostly 
internal. Since they cannot move down to the roots of the 
3 
plants, surface fungicides are also unable to protect the plant 
from soil-borne pathogens. 
Systemic fungicides are absorbed by the plant and then 
translocated within it, protecting the plant from fungal attack 
or erradicating a fungus already present. These fungicides are 
more selective and potent and they also are less likely to 
damage the crop plant. All of the systemic fungicides move 
from the root upward to the shoots, leaf bases, and tips. 
Movement of these fungicides is in the transpiration system of 
the xylem, and they are not usually found in the phloem. 
When a fungus becomes less sensitive to a fungicide due to 
heritable changes, it is said to be fungicide resistant. The 
main mechanisms by which fungi may become resistant to 
fungicides are: (1) changes in sensitive sites which decrease 
affinity of the sites for the fungicide, (2) utilization of 
alternate pathways, (3) decreased uptake, decreased 
accumulation, or increased secretion of the fungicide, 
(4) detoxification of the fungicide or conversely, decreased 
conversion of a non-toxic into a toxic compound (Dekker, 1976; 
Georgopoulos, 1977). 
Some fungicides are toxic due to their interaction with 
cellular constituents in ways that adversely affect the 
organism. The ability of these organisms to develop resistance 
is due to the ability of the cellular components to exist in 
more than one form. To understand these changes in form, it 
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must be determined (1) if there are genes involved in the 
change, (2) what enzymes or other products are coded for by 
these genes and, (3) in what way they have been changed 
(Georgopoulos, 1982a). 
The dicarboximides iprodione, procymidone, and 
vinclozolin, are a relatively new group of surface fungicides 
and are used primarily against the pathogen Botrytis cinerea. 
Another dicarboximide, dichlozolin, the first to be developed, 
was withdrawn from the market soon after its introduction 
(Menager,et al., 1971 cited in Beever and Byrde, 1982). 
The dicarboximide fungicides show a positive cross 
resistance with each other (Leroux and Fritz, 1984) and another 
group of fungicides, the aromatic hydrocarbons (Leroux, et al., 
1977). Some of the compounds belonging to the aromatic 
hydrocarbon group are the chlorinated nitrobenzenes, dicloran, 
biphenyl, biphenyl derivatives, naphthalene, acenaphthene, 
hexachlorobenzene and chloroneb. The aromatic hydrocarbons were 
first grouped together on the basis of their positive cross 
resistance relationship (Georgopoulos and Zaracovitis, 1967). 
A positive correlation is one in which the mutant is either 
less sensitive or else less resistant to both toxicants than 
the wild type strain. 
Cross resistance between compounds exists when a single 
gene controls sensitivity to two or more compounds. Positive 
correlations can often be predicted on the basis of chemical 
similarities between the two compounds. Exceptions to this 
prediction do exist and can be explained at the receptor site. 
Because receptor sites cannot undergo major changes and remain 
functional, modifications of this site may reduce affinity for 
the toxicant, however, affinity for a structural analogue may 
not be affected or may even be increased (Georgopoulos, 1982b). 
Because the dicarboximide fungicides are all chemically 
similar to each other, have similar effects on fungi, and show 
cross-resistance to each other, it is assumed that all 
fungicides in this group share a common mode of action (Beever 
and Byrde, 1982). The similarity of action between the N-(3,5- 
dichlorophenyl) dicarboxiraides and the chlorinated benzene and 
chlorornitrobenzene members of the aromatic hydrocarbon group 
indicates that it is the 3,5-dichlorophenyl group that is 
essential for action of iprodione, procymidone and vinclozolin 
(Georgopoulos, et al«, 1979). The presence of chlorinated 
benzene residues may explain why strains resistant to the 
dicarboximides are frequently cross-resistant to compounds of 
the aromatic hydrocarbon fungicides (Beever and Byrde, 1982). 
Because of this cross-resistant relationship (Georgopoulos, 
1982b) and because of their common ability to induce mitotic 
segregation in Aspergi llus nidulans (Georgopoulos, _et_ al. , 
1979), similarities in the mechanism of action of the 
dicarboximides and the aromatic hydrocarbons are believed to 
exist. 
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Both mycelial growth and spore germination have been 
reported to be affected by the dicarboxiraides. In a sensitive 
isolate of Botrytis cinerea, Pappas, et al., (1979b) found that 
mycelial growth was completely inhibited at a concentration of 
2 ug/ml of fungicide, and spore germination was reduced by at 
least 65% at 20 ug/ral. 
A number of studies aimed at helping to elucidate the 
means by which dicarboximide fungicides carry out their effects 
on fungi have been reported. Experiments in these studies 
often offer conflicting information, and the exact modes of 
action remain, to a large extent, unknown. 
Among the many morphological studies, several with 
B. cinerea give evidence that the dicarboximides cause swelling 
and bursting of germ tubes and hyphal cells (Buchenauer, 1976; 
Davis and Dennis, 1981; Lorenz and Eichhorn, 1982). However, 
one study (Buchanauer, 1976) using vinclozolin also showed that 
the type of response by the fungus, depended upon the 
concentration of the fungicide since a concentration of 1.43 )ig 
vinclozolin/ml restricted elongation of germ tubes, while a 
concentration of 0.143 ;ig/nil actually stimulated elongation. 
Fungicides belonging to the aromatic hydrocarbons also 
have been reported to cause swelling and distortion of hyphae, 
bursting of conidia and hyphae, inhibition of sporidial 
multiplication and inhibition of regeneration of cell walls by 
protoplasts (review by Beever and Byrde, 1982). 
Although the morphological effects of the fungicides on 
fungi do little to provide insight into their modes of action, 
the reported observations do indicate a possible effect on cell 
wall synthesis (Beever and Byrde, 1982) or to a cell- 
wall/plasma-membrane complex as the site of biochemical lesions 
(Grindle and Temple, 1983). 
Studies undertaken to examine biochemical effects of the 
fungicides have not been any more successful than the 
morphological studies. Working with B. cinerea, Pappas, et al. 
(1979a) trying to determine a possible common mode of action 
for the dicarboximides, found that none of these compounds had 
a drastic effect on respiration, membrane permeability, protein 
synthesis or RNA synthesis, although iprodione did inhibit the 
synthesis of DNA. In contrast, Fritz, et al. (1977) found that 
in cinerea, both procymidone and vinclozolin strongly 
inhibited DNA and RNA synthesis. Georgopoulos, et al. (1979), 
working with Aspergillus nidulans, have suggested that a 
sensitive site within the fungal nucleus appears to be common 
to both the dicarboximides and aromatic hydrocarbons. They 
have concluded that by increasing the frequency of non- 
disjunction or by causing chromosome breakage deletions, these 
fungicides have an effect on mitotic instability. 
Because of the implication of the cell wall as a possible 
site of action of the dicarboximides, Pappas, et al. (1979a) 
examined chitin biosynthesis in ES^ cinerea and found the 
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synthesis to be affected, but only at concentrations of the 
fungicide greater than those required to reduce mycelial growth 
by fifty percent. Chitin production thus seems to be an 
unlikely primary site of action, at least for these fungicides 
and this organism. However, wall components other than chitin 
could be involved and the cell wall might, indeed, be the site 
of action of the fungicides, (Pappas, et al. 1979a). 
There has also been evidence of implication of the 
dicarboximides in changes in concentrations of triglycerides 
and free fatty acids. Again results of studies are 
contradictory, with both reductions (Pappas, et al., 1979a) and 
accumulations (Fritz, et al., 1977; Pappas et al., 1979a) 
reported for triglycerides and free fatty acids in the presence 
of the fungicides. Furthermore not all decarboximides tested 
had the same effect (Pappas, et al., 1979a), and no common mode 
of action for the dicarboximides could be found. 
Studies to elucidate the action of fungicides have also 
involved comparisons of fungicide-sensitive and fungicide- 
resistant strains of fungi. Strains of fungi resistant to 
dicarboximides can be obtained for study, with or without 
_8 
mutagenic treatment, at frequencies between 1 X 10 and 
-A 1 X 10 (Beever and Byrde, 1982; Pommer and Lorenz, 1982). 
With the filamentous fungi, sectors resistant to the 
dicarboximides or aromatic hydrocarbons can be obtained from 
colonies grown on fungicide-containing media (Pommer and 
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Lorenz, 1982). Dekker (1976) suggests that in multinucleate 
fungi, low levels of fungicide tolerance may be maintained in 
heterokaryotic strains of the fungi. 
In addition to resistance to the fungicide, these mutants 
may also differ from wild type in other ways. Grindle (1984) 
working with vinclozolin-resistant mutants of Neurospora crassa 
observed that on most media, these mutants differed from wild 
type in radial growth. Sporulation was also affected with 
mutants producing 60 - 80% fewer conidia than wild type on 
equivalent media. Additionally, some mutants produced a red 
exudate on aerial hyphae. Grindle (1984) has also reported 
lateral branching in hyphae of these vinclzolin-resistant 
mutants and observed an inverse correlation between radial 
growth and frequency of lateral branches. 
The degree of resistance of a fungus can be expressed 
either as the difference in response of two strains to the same 
external concentration of fungicide or as the difference in 
concentration of fungicide required to give the same response 
by the two strains of fungi. When the latter method is used, 
both limited solubility and/or volatility of the compound must 
be taken into account, or else serious mistakes can occur in 
interpretation of the data (Georgopoulos and Zaracovitis, 
1967). 
When a mutant is more resistent than wild type to one 
compound and more sensitive than wild type to another compound, 
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a negatively correlated cross resistance exists. A negatively 
correlated cross resistance has been observed in many 
dicarboxlmide-resistant fungal strains which are concomitantly 
more sensitive than wild type to various mineral salts 
(Grindle, 1982; Beever, 1983; Leroux and Fritz, 1984). This 
same type of negatively correlated cross resistance was also 
reported between dicarboximide resistance and osmotic 
sensitivity to sugars (Leroux and Gredt, 1982; Beever, 1983). 
Results such as these indicate a correlation between 
dicarboximide resistance and osmotic sensitivity (Beever and 
Byrde, 1982; Grindle and Temple, 1983; Beever, 1983; Grindle, 
1983, 1984; Leroux and Fritz, 1984). Grindle (1984) found that 
in resistant mutants of N. crassa an increase in sensitivity to 
NaCl was associated with an increase in resistance to 
vinclozolin. Leroux and Fritz (1984) working with resistant 
strains of B^_ cinerea, always found a direct relationship 
between the level of fungicide resistance and the degree of 
osmotic sensitivity. However, in contrast, Beever (1983) found 
no consistant relationship between the degree of resistance to 
fungicides and the degree of sensitivity to NaCl in mutants of 
B. cinerea. 
Osmotic-sensitive mutants are also found in N. crassa. 
These mutants are characterized by their abnormal sensitivity 
to media of high osmotic pressure (Mays, 1969), and are defined 
by their inability to grow on media containing 4% (Perkins,et 
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al., 1982) or 6% (Mishra, 1976) NaCl. Current information 
suggests that the genes conferring osmotic sensitivity in these 
mutants are somehow involved in cell wall synthesis 
(Selitrennikoff, et al. 1981). 
With some exceptions, the osmotic-sensitive mutants of N. 
crassa are resistant to dicarboximide fungicides and mutants 
selected for their resistance to vinclozolin show osmotic 
sensitivity (Beever and Byrde, 1982; Grindle and Temple, 1982, 
1983; Grindle, 1983, 1984). Seven known osmotic loci have been 
identified as sites in which vinclozolin resistance can occur. 
These genes are os-1, os-2, os-4, os-5 (Grindle and Temple, 
1982) smco-2, smco-8 and smco-9 (Grindle and Temple, 1983). 
Grindle (1984) and Grindle and Temple (1985) claim that 
the dicarboximide-resistant strains are "less fit" than 
sensitive strains due to poor growth and sporulation. However, 
unknown modifier genes have been suggested to affect fitness 
(Grindle, 1984; Grindle and Temple, 1985) and a genetic 
modifier, called mod, was found by Grindle and Dolderson 
(1986). This modifier gene, when present with the os-5 gene 
affected the phenotype of this isolate by negating the adverse 
effect of the os-5 mutation on osmotic sensitivity and reducing 
the adverse effect on sporulation. Interestingly, the mod gene 
has no obvious effect on the fungicide resistance of isolates 
carrying the os-5 gene. This modifier and other possible 
modifiers may enable fungicide-resistant isolates of Nj^ crassa 
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to almost equal the fitness of wild type, fungicide-sensitive 
isolates in the laboratory (Grindle and Dolderson, 1986). 
The present investigation was undertaken to obtain and 
study mutants of Neurospora crassa resistant to vinclozolin in 
order to provide information which may be used to determine 
mode of action of fungicides through genetic analysis. 
MATERIALS AND METHODS 
Strains 
Wild type strains 74-OR23-1A (74A) and 74-OR8-la (74a) of 
N. crassa were provided by Dr. H. Branch Howe, Jr., U.G.A., 
Athens, Ga. 
Mutant strains were obtained from the Fungal Genetics 
Stock Center, Arcata, CA. Descriptions of the strains can be 
found in Neurospora Newsletter, volume 31, 1984 or in Perkins 
et al., 1982. Mutants strains used in this study were 
os—1 (Ml 6), os-2 (ALS10), os-4 (NM2010), os-5 (NM216o), 
Sor-T9 (T9M150(r)), f_l_(P) and alcoy, a multiple translocation 
linkage tester strain used for initial mapping studies. Alcoy 
carries three visible markers indicating linkage; a marker for 
albino conidia (al) on the translocated chromosomes of linkage 
groups I and II; a marker for colonial temperature sensitivity 
(cot) on the translocated chromosomes of linkage groups IV and 
V; and a marker for yellow conidia (ylo) on the translocated 
chromosomes of linkage groups III and VI. 
Other osmotic-sensitive strains used in this study were 
isolated and characterized in the Georgia Southern College 
Neurospora Laboratory by Brown (1983), Marino (1982) and 
Morgan (1985) and were as follows: M-14, SS-18, SS-129-7-32, 
M134-19-17, SS-302-14, SS-398-18, SS-462-4, SS-499-6-37, SS- 
13 
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656-8-37, SS-692-2 , SS-788-13-1 , SS-931-5-8, SS-1018-12, SS- 
10AA-32-32, wetrd, SS-190, SS-316 and SS-930. 
Chemicals 
The agricultural fungicide Ronilan (50% vinclozolin) was 
furnished by the BASF Wyndotte Corp., Gary, N.C. Sodium 
chloride, reagent grade, was obtained from Fisher Scientific 
Company, Fair Lawns, N.J. 
Media 
The basic medium used (W-M) was that of Westergaard and 
Mitchell (1947). Complete medium, to maintain possible 
auxotrophic cultures was W-M medium was modified by adding 
0.25% yeast extract and 0.50% malt extract (Davis and deSerres, 
1970). Media used for the isolation of mutant colonies was 
modified by reducing sucrose to 0.1% (w/v) and adding 1.0% 
(w/v) sorbose to restrict mycelial growth and insure colony 
formation (Brockman, and deSerres, 1963). When testing for 
vinclozolin resistance, the agricultural fungicide vinclozolin 
was added to W-M media that had been autoclaved and cooled to 
50 C for a final concentration of either 10 ug vinclozolin/ml 
or 100 jig vinclozolin/ml. When testing for osmotic 
sensitivity, various concentrations of sodium chloride were 
added to W-M media. Where media was modified the basic medium 
was designated with the specific modification in parenthesis, 
e.g. complete (sorbose), or W-M (100 jug vinclozolin/ml), W-M 
(A% NaCl). These media were also be referred to as complete 
sorbose media, vinclozolin media, and salt media. 
Isolation of mutant strains 
Conidia of wild type _N. crassa 74A were suspended in 
deionized water. Conidia were counted using a hemocytometer 
and 15 mis of suspension containing approximately 3 x 10^ 
conidia/ml were placed into a 100 x 15 mm petri plate 
containing a steel pin to function as a stirring bar. The 
petri plate was, placed 30 cm from a General Electric—G30T8— 
30 watt- germicidal bulb on a magnetic stirrer, uncovered, and 
irradiated for 90 seconds. The suspension was then put into a 
foil wrapped flask to avoid photoreactivation and placed into 
refrigerator for 24 hours. Following the 24 hour period, 2.2 
mis of the suspension were added to 600 mis complete (sorbose) 
media at 50 C, poured into 39 petri plates, 100 x 15 mm, and 
incubated at 25 C. After 22 hours incubation, following the 
method of Grindle (1984), each plate was overlayered with 15 
mis complete sorbose media containing 10 ug vinclozolin/ml. 
After 48 hours of further incubation, hyphae from colonie 
growing up through the vinclozolin - containing layer were put 
into slants of complete media to obtain isolates for further 
s tudy. 
16 
Incubation conditions 
All cultures were incubated at ambient temperature in 
continuous light, unless otherwise indicated. 
Growth tests on vinclozolin 
Vinclozolin resistance of strains selected for analysis 
was determined by growth testing cultures on media containing 
100 jag vinclozolin/ral. Unless otherwise designated all growth 
tests were scored after 48 hours. Wild type, 74A or 74a, 
served as controls. The degree of resistance to vinclozolin 
was determined by the difference in growth response of the 
strains to an external concentration of 100 ug vinclozolin/ml. 
To determine growth rates, small amounts of inoculum of the six 
mutants under investigation and wild type 74a were placed at 
the edge of 150 x 15 mm petri plates containing W-M (100 jig 
vinclozolin/ml). Control plates contained W-M media. Growth 
was scored at two hour intervals for 36 hours and again at 48 
hours, 50 hours and 52 hours. Growth was measured along the 
radius from the point of inoculation to the end of the growth 
along a straight line defined by the point of inoculation and 
the center of the plate. 
Osmotic sensitivity 
To test for osmotic sensitivity, isolates were subcultured 
onto W-M media containing 6% NaCl and scored for growth at 3 
days. Isolates failing to grow as wild type were scored as 
possessing the osmotic-sensitive trait. Isolates showing some 
growth but less than that of wild type were scored as leaky. 
Effects of varying NaCl concentrations 
Mutant isolates were subcultured onto slants of W-M media 
containing 1%, 2%, 3%, 4%, 5% and 6% NaCl. The amount of 
growth was designated by a number between 0 and 6, with 0 
being no growth and 6 equaling growth of the mutant on W-M 
media containing no NaCl. 
Crosses for genetic analysis 
Crosses for genetic analysis were made by fertilizing 
7-day-old lawns of the female parent with conidial suspensions 
of the male parent. In designation of crosses, the female 
parent proceeds the "X". Ascospores were obtained from the 
culture tube with a wet inoculating loop, placed onto a slab o 
4% bacto-agar and removed individually with a knife fashioned 
from a flattened platinum wire. Ascospores were placed on 
slants of W-M media in 10 x 75 mm or 12 x 75 mm tubes and heat 
shocked in a water bath at 60 C for 30 minutes (Davis and 
deSerres, 1970). Alternatively, a water suspension of the 
ascospores was made, ascospores were heat-shocked en masse at 
60 C and aliquots containing approximately 30-50 ascospores 
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were plated in 100 x 15 mm petri plates containing W-M 
(sorbose) media. The individual colonies were picked onto 
slants of W-M or complete media. 
The six mutant isolates chosen for study were backcrossed 
to 74a to obtain mutant progeny. The progeny from the first 
backcrosses were tested for vinclozolin resistance and one 
resistant progeny from each cross, designated followed by 
the mutant number and an isolation number, eg. F* 27-1, was 
selected to undergo a second backcross to wild type. Progeny 
from the second backcrosses, designated F^ followed by the 
mutant number and isolation number, were tested for vinclozolin 
resistance and one resistant progeny from each cross was chosen 
for further analysis. Third backcrosses were made of those F^ 
mutants which had failed to show 1:1 segregation of vinclozolin 
resistance. Progeny of the third backcrosses were similarly 
designated as F^. 
For preliminary mapping of mutants showing 1:1 segregation 
of the vinclozolin resistant trait, crosses were made to the 
alcoy tester strain. Progeny were scored according to the 
method described by Perkins (1964), except that in some cases 
the cot trait was not scored. 
Complementation test to determine allelism 
Osmotic-sensitive mutants being tested for allelism were 
inoculated onto W-M (6% NaCl) in pairwise combinations. The 
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mutants and wild type Neurospora were inoculated individually 
on the same media to serve as controls. Growth of pairs of 
mutants comparable to that of the wild type control indicated non- 
allelism. Pairs of mutants failing to grow as wild type could 
not be used to determine allelism since forcing markers were not 
available in the strains tested. 
Determining linkage to the mating type locus 
Those progeny from crosses tested for linkage to the 
mating type locus on linkage group I were inoculated onto 4- 
day-old fluffy lawns. Mating type of the progeny was 
determined by the presence of perithecia on lawns of fluffy of 
opposite mating type. Linkage was determined from lack of 1:1 
segregation of parental and recombinant progeny with the number 
of parental progeny greater than the number of recombinant 
progeny. 
Altered morphology 
Mutants were determined to have altered morphology when 
their appearance differed macroscopically from that of wild 
type N. crassa. 
Auxotrophy 
Mutants were tested for auxotrophy by inoculating onto W-M 
media and scoring for growth. 
RESULTS 
Isolation of vinclozolin-resistant mutants 
A total of 179 isolates was obtained following U.V. 
irradiation of conidia of wild type N. crassa 74A and 177 of 
the isolates remained viable (Table 1). These isolates were 
presumptive vinclozolin - resistant mutants since they had been 
selected by their ability to grow through an overlay containing 
10 pg vinclozolin/ml of complete media. The isolates were re- 
tested by subculturing onto the same media, and all isolates 
showed growth indicating that they were indeed resistant to 
vinclozolin at that concentration. Six of the isolates, mutant 
numbers 27, 75, 61, 103, 131 and 132, which grew well on 10 pg 
vinclozolin/ml were chosen for further analysis and were tested 
for growth on the fungicide at the higher concentration of 100 
pg vinclozolin/ml. The six isolates continued to show good 
growth at this concentration. 
Results of first backcrosses 
Heterokaryon formation of the isolates prior to picking 
colonies was a possibility because of the selection technique, 
ie. allowing 22 hrs for germination and beginning of growth on 
complete media before the overlayering with media containing 
vinclozolin. Therefore, backcrosses to wildtype 74a of each of 
the six mutants chosen for study were made in order to obtain 
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progeny which were the products of single nuclei. Since the 
purpose of the first backcross was not for analysis of genetic 
control of the vinclozolin - resistant trait, but was for 
obtaining mutant progeny for use in further crosses, only 25 
ascospores were isolated (Table 2). Each of the six mutants 
produced at least one mutant progeny able to grow on 100 
vinclozolin/ml. One of the resistant progeny from each cross 
was selected for further analysis and was designated by 
generation number, the number of the mutant parent and the 
isolation number, eg. F^ 27-1 (Table 2). 
To test for auxotrophy, the six vinclozolin - resistant 
progeny were tested for their ability to grow on minimal media 
(W-M). All grew well on this medium which indicated that they 
were not auxotrophic (Table 3). The six mutant progeny were 
then tested for osmotic sensitivity by growth testing on W-M 
(6% NaCl). All progeny failed to grow on this medium 
indicating they were osmotic sensitive mutants (Table 3). In 
addition to the vinclozolin resistance and osmotic sensitivity, 
each isolate showed an altered morphology (Table 3) which 
differed from that of wild type and resembled that of the known 
osmotic-sensitive mutants of Nj^ crassa. 
Results of second backcrosses 
The six progeny (Fj 27-1, Fj 61-1, Fj 75-1, Fj 103-1, 
Fj 131-1 and Fj 132-1) from the first backcross were crossed to 
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wild type 74A or 7Aa. Ascospores were heat-shocked en masse 
and plated onto W-M (sorbose) from which colonies representing 
individual progeny were obtained (Table 4). The progeny were 
tested on W-M (100 jig vinclozolin/ml) and W-M (6% NaCl) and 
were scored for morphology on W-M slants. F2 progeny from 
mutants, Fj 61-1 and 75-1, showed a 1:1 segregation of the 
vinclozolin - resistant trait, the osmotic - sensitive trait 
and altered morphology (Table A). F2 Progeny from the other 
mutants, Fi 27-1, 103-1, Fj 131-1, and ?i 132-1, failed to 
show a 1:1 segregation of the three traits but mutant progeny 
were produced for each of the traits (Table 4). Vinclozolin - 
resistant F2 progeny from each cross were chosen for further 
analysis. 
Results of third backcrosses 
Since four of the mutants, F^ 27-la, 103-la, F^ 131-1A 
and Fj 132-1A, had failed to show a 1:1 segregation of the 
vinclozolin-resistant trait, the chosen F2 progeny from these 
mutants were again crossed to wild type 74A or 74a in order to 
determine whether the vinclozolin-resistant trait might 
segregate 1:1 when the progeny were used as parents (Table 5). 
Ascospores were heat-shocked j?n masse and plated onto W-M 
(sorbose) from which progeny were obtained. These progeny were 
tested on W-M (100 }ig vinclozolin/ml). Progeny from mutants F2 
27-9 and F2 132-22 showed a 1:1 segregation of the vinclozolin- 
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resistant trait (Table 5). Progeny from the other two mutants, 
^2 103-4 and F2 131-85, failed to show a 1:1 segregation of the 
vinclozolin - resistant trait but did produce mutant progeny 
(Table 5). Since the mutant parents possessed an altered 
morphology, progeny from the third backcrosses were also scored 
for morphology and showed 1:1 segregation of the trait (Table 
5). All progeny resistant to vinclozolin showed an altered 
morphology, whereas, progeny that were sensitive to vinclozolin 
showed the wild type morphology. 
Linkage of traits in progeny of second backcrosses and recovery of 
recombinant progeny 
Second backcross progeny (F2) were analyzed for linkage of 
the three traits, vinclozolin resistance, osmotic sensitivity, 
and altered morphology. Very few recombinants were found among 
the progeny of the crosses and linkage was demonstrated for 
vinclozolin resistance and osmotic sensitivity (Table 6), for 
vinclozolin resistance and altered morphology (Table 7) and for 
osmotic sensitivity and altered morphology (Table 8). 
In almost all cases, progeny that were vinclozolin 
resistant were also osmotic sensitive and had altered 
morphology (Table 9). No recombination between osmotic 
sensitivity and altered morphology was observed. No 
recombinant F2 progeny were produced in three of the crosses, 
74a X ¥l 61-la, 74A x Fi 103-la and 74a X F! 132-1A (Table 9). 
The other three crosses, 74A X Fj 27-la, 74a X F^ 75-1A and 
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74a X L31-1A (Table 9) each produced one F2 progeny with a 
recombinate phenotype. These progeny were vinclozolin 
resistant, were not osmotic sensitive and had a wild type 
morphology (class 3, Table 9). Apparent recombination, 
therefore, was observed between vinclozolin resistance and the 
other two traits. All recombinant progeny recovered belong to 
the same class, class 3 (Table 9).No recombinant progeny were 
found that were both vinclozolin sensitive and osmotic 
sensitive. 
Recovery of recombinant progeny from the mutants, Fj 27-la 
75-1A and Fj 131-1A, indicated the possibility of 
separate genetic control for vinclozolin resistance and for 
osmotic sensitivity and altered morphology. In the crosses 
where no recombinants were found, results are consistent with 
the traits being determined by separate but closely linked 
genes since the number of progeny analyzed was too small to 
differentiate very closely linked loci. Alternatively, results 
are also consistent with the hypothesis that a single gene 
having pleitrophic effects codes for the three traits. 
Growth of recombinants 
In order to quantify the growth of the F2 recombinants and 
to compare that growth to growth of each of the parents, the 
three recombinants (designated by the generation number, 
mutant parent number and their isolation number) F3 27-61, F3 
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75-52 and F3 131-68 were scored for linear growth, along with 
their parents, on W-M (100 /ag vinclozolin/ml) and W-M (6% NaCl) 
(Table 10). By 38 hours two of the recorabinants, F3 27-61 and 
F3 75-52, showed growth like that of the mutant parents, 27-9 
and F^ 75-2, respectively on vinclozolin media and similar to 
that of the wild type parent, 74A on salt media (Table 10). 
The other recominant, F3 131-68, showed an intermediate growth; 
its grow was approximately half that of the mutant parent, 
F^ 131-85, on vinclozolin media and also half that of the wild 
type parent on salt media (Table 10). 
Genetic modifiers 
Since genetic modifiers had been reported for some of the 
vinclozolin-resistant mutants (Grindle and Dolderson, 1986) it 
was decided to backcross the apparent recombinants to wild type 
in order to determine whether the absence of osmotic 
sensitivity and altered morphology in these isolates might be 
due to such modifiers. The two recombinants, F3 27-61 and F3 
75-52, whose growth on vinclozolin media and salt media was 
similar to that of the parents, were crossed to wild type 74A. 
Ascospores were heat - shocked _en masse and plated onto W-M 
(sorbose) from which progeny were obtained. The progeny from 
both crosses were tested on W-M (100 pg vinclozolin/ml) and on 
W-M (6% NaCl). Since the phenotype of the parental 
recombinants was vinclozolin resistant but not osmotic 
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sensitive, half of the progeny would be expected to be 
vinclozolin resistant, and none of the progeny would be 
expected to be osmotic sensitive. However, results showed that 
osmotic - sensitive progeny were recovered from each cross 
(Table 11), indi eating that this trait must indeed have been 
present in the mutant parent, although that parent grew well on 
W-M (NaCl). Furthermore, in the cross of F3 75-22, the osmotic 
trait, as well as, the vinclozolin-resistant trait segregated 
in a 1:1 ratio (Table 11). In the cross of F3 27-61, neither 
trait segregated in a 1:1 ratio. 
Whereas only two classes (os+vin and os+vin+) of progeny 
were expected from these crosses, if the mutant parents were 
true recombinants, three classes were found (Table 12). Among 
the 99 progeny from the cross to F3 27-61, only one progeny 
like that of the phenotypically recombinant mutant parent 
(os+vin) was found and no progeny with that phenotype were 
recovered from the cross of F3 75-52. Recovery of osmotic- 
sensitive progeny from the apparent recombinant mutants 
indicated that these were not true recombinants and supported 
the possibility of modifier genes, such as those reported by 
Grindle (1986), acting upon the phenotype of these isolates and 
masking the osmotic trait. 
Linkage to mating type 
Progeny from the crosses of wild type and the four Fj or 
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F2 vinclozolin-resistant mutants exhibiting a 1:1 segregation 
of the vinclozolin trait were tested for linkage to the mating 
type locus on linkage group T. Results showed the vinclozolin- 
resistant trait of mutant F2 132-22 to be linked to the mating 
type locus with an 8% recombination (Table 13). Progeny from 
the other mutants, F2 27-9, 61-1, and Fj 75-1 showed 1:1 
segregation of mating type but linkage of this trait to 
vinclozolin resistance was not found (Table 13). 
Strains crossed to alcoy 
In order to map the vinclozolin-resistant trait in those 
mutants (F2 27-9, F2 61-21 and F2 75-2) showing a 1:1 
segregation of the trait but no linkage to mating type, crosses 
were made to the tester strain, alcoy. Ascospores were either 
dissected and heat-shocked individually or heat-shocked en 
masse and plated onto W-M (sorbose) from which colonies were 
obtained. In progeny from the mutant F2 61-21, all the 
markers, cot, al, and ylo, segregated in a 1:1 ratio (Table 
14). In mutants F2 27-9 and F2 75-2 only the markers al_ and 
ylo were scored. In F2 75-2, the marker ylo, segregated in a 
1:1 ratio but al did not and neither of these markers 
segregated 1:1 in F2 27-9 (Table 14). In spite of the failure 
of all the alcoy markers to segregate 1:1, all three mutants F2 
27-9, F2 61-21 and F2 75-2, showed linkage of the vinclozolin- 
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resistant trait to _al with the number of parental progeny 
exceeding the number of recombinant progeny (Table 15). 
Linkage to of the alcoy tester strain indicated linkage to 
L.G. 1 or II. 
Complementation tests 
Four of the vinclozolin - resistant mutants (F2 27-9, 
F2 61-21, F2 75-2 and F2 132-22 were examined for pairwise 
complentation with four of the known osmotic mutants, os-1, 
os-2, os-4 and os-5. The presence of growth on W-M (6% NaCl) 
indicated formation of a heterokaryon, complementation and thus 
non-allelism. The mutant F2 27-9 grew in a pairwise 
combination with both os-1 and os-5 (Table 16) and thus was not 
an allele of either of these mutants. None of the other 
pairwise combinations showed growth. However, because forcing 
markers were not available in the strains to assure 
heterokaryon formation, lack of growth could not be relied upon 
to determine allelism of the mutants. 
Osmotic mutants tested for vinclozolin resistance 
Because of interest in the correlation between osmotic 
sensitivity and vinclozolin resistance, osmotic mutants 
previously isolated in the Georgia Southern College Neurospora 
Laboratory (Brown, 1983) were growth tested on 
W-M (100 jug vinclozolin/ml). Only one isolate, SS-302-14, 
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was resistant at this concentration (Table 17). 
Effects of varying concentrations of NaCl on F? mutants 
To test for effects on growth of varying concentrations of 
NaCl, the six mutants (F2 27-9, F2 61-21, F2 75-2, F2 103-4, F2 
131-85 and F2 132-22) were tested on W-M media containing 1%, 
2%, 3%, 4%, 5% and 6% NaCl. The mutants were also tested on W- 
M media without NaCl as a control (Table 18). 
The mutant F2 27-9 grew as well on 1% and 2% NaCl as it 
did on W-M media, however at 3% NaCl the mutant failed to grow. 
The mutant F2 61-21 grew as well on 1%, 2% and 3% NaCl as 
it did on W-M media, however, at 4% NaCl the growth was reduced 
and at 5% NaCl growth was further reduced. The mutant failed 
to grow at the NaCl concentration of 6%. 
The mutant F2 7 5-2 grew as well on 1%, 2% and 3% NaCl as 
it did on W-M media. A slight reduction in growth was observed 
at 4% NaCl with a greater reduction in growth at 5% NaCl. The 
mutant failed to grow on media containing 6% NaCl. 
The mutant F2 103-4 grew as well on 1% NaCl as it did on 
W-M media, but to grow on 2% NaCl. 
Growth of the mutant F2 131-85 was affected by all 
concentrations of NaCl tested. There was a slight reduction in 
growth at 1% and 2% NaCl and a further reduction at 3% NaCl. 
The mutant failed to grow when the concentration of NaCl 
reached 4%. 
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The mutant F2 132-22 grew as well on 1% NaCl as it did on 
W-M media. Growth was slightly affected at 2% and 3% NaCl and 
growth was further reduced at 4% NaCl. The mutant failed to 
grow when the concentration of NaCl reached 5%. 
Different degrees of osmotic sensitivity were therefore 
observed among the vinclozolin-resistant mutants. The most 
sensitive mutant was 103-4 which did not grow on 2% NaCl. 
The least sensitive of the six mutants was 61-21 which still 
exhibited some growth at 5% NaCl. The other four mutants 
exhibited sensitivities between those of these two mutants. 
None of the mutants grew at 6% NaCl. 
Growth rate of F? mutants 
To determine the rate of growth of the vinclozolin- 
resistant mutants on media containing the fungicide, all six 
mutants (F2 27-9, F2 61-21, F2 75-2, F2 103-4, F2 131-85 and F2 
132-22) and the wild type strain were tested in 150 x 15 mm 
petri plates containing W-M (100 pg vinclozolin/ml). Growth of 
the same strains on W-M served as a control. The linear growth 
of these mutants and wild type was scored over a 54 hour period 
on both the vinclozolin media and on the W-M media (Table 19). 
The growth of each mutant on vinclozolin media was compared to 
the growth of that mutant on W-M media and to the growth of the 
wild type strain on both media. 
The wild type strain 74a showed very little growth on 
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media containing vinclozolin and after 54 hours had only reached 
17 mm. In comparison, this strain on W-M had reached 111 mm. 
Similarities in rate of growth on both vinclozolin media 
and W-M media allowed the mutants to be placed in three 
distinct groups. Group 1, consisting of mutants F2 27-9 and F2 
103-4, showed the highest growth rates reaching 97 mm on 
vinclozolin media and 113 mm on W-M media and and 99 mm on 
vinclozolin media and 100 mm on W-M media, respectively, in the 
54 hour period. Thus these muatants grew as well on vinclozolin 
media as they did on W-M media (Table 19). Group II, 
consisting of mutants F2 61-21 and F2 75-2, showed the next to 
the highest growth rate on vinclozolin reaching 84 mm and 85 mm 
respectively. The rate of growth of these mutants was 
slightly less on vinclozolin media than on W-M media where they 
reached 109 mm and 110 mm respectively and thus grew as well as 
wild type on that media (Table 19). Group III,consisting of 
mutants F2 131-85 and F2 132-22 showed the lowest rates 
reaching 57 mm and 56 mm respectively on vinclozolin media in 
the 54 hour period. On W-M media, these two mutants had a 
slower rate of growth than wild type on that media reaching 81 
mm and 70 mm respectively, whereas wild type reached 111 mm 
(Table 19). It is possible that in these two mutants, vigor 
might be reduced, thus affeacting the apparent degree of 
vinclozolin resistance. 
Analysis of rate of growth of wild type 74a and Group I 
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(Fig. 1 a, b, c) indicated a long lag period of 32 hr for 74a on 
vinclozolin media with little growth following. In contrast, 
the mutants had a short lag period and no difference in growth 
on vinclozolin media and W-M media. On both media, growth of 
the mutants was like that of the wild type strain 74a on W-M 
media. 
Analysis of rate of growth of Group IT (Fig. 2 b, c) 
showed a pattern similar to Group I, except that Group II had a 
slightly longer lag period than Group I. Mutants in Group III 
(Fig. 3b, c,) exhibited long lag periods on both vinclozolin 
media and W-M media. Mutant F2 131-85 had an 18 hour lag on 
vinclozolin media and a 14 hour lag on W-M media. In the 
mutant F2 132-22, growth started at 8 hours but was slow on 
vinclozolin media and did not start Increasing regularly until 
20 hours post inoculation. The mutant showed an 18 hour lag on 
W-M media. Following the lag period of both mutants there 
appeared to be only a slight difference in growth on vinclozolin 
and W-M media. 
DISCUSSION 
The mode of action of the dicarboxiraide fungicides is 
still under investigation. Although a common mode of action 
was expected, a priori, results of investigations so far have 
failed to yield a connection between the various dicarboximide 
compounds. Available information also seems to rule against 
sensitivity to the compounds being due to uptake of 
dicarboximides by the fungus. Pappas, et al. ( 1979b) found 
very little difference in accumulation of the compounds in 
sensitive strains and in resistant strains of B. cinera. They 
suggested that while one chemical moiety of the dicarboximides 
might facilitate penetration of the fungicides in both 
sensitive and resistant strains, the ultimate toxic action may 
be under different control (Pappas, et al., 1979a) and 
resistant strains may therefore take up the fungicide but not 
be affected by it. Studies of effects of the fungicide on both 
sensitive and resistant strains of fungi may help to elucidate 
its mode of action and the genetic control of fungicide - 
resistance. However, use of the pathogenic fungi for such 
studies involves a number of problems. Many pathogenic strains 
do not lend themselves to laboratory analysis and for this and 
other reasons, very little is known about their genetics. 
Additionally selection of resistant strains of pathogenic fungi 
for study could pose a real threat to agricultural crops if the 
resistant strains should escape into the environment. In 
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contrast, Neurospora crassa is a laboratory-adapted fungus, is 
well known genetically and is non-pathogenic so that resistant 
strains pose no threat to agriculture. For these reasons 
N- crassa can be used effectively as a model system to gain 
insight into fungicide resistance- 
Studies of the dicarboximide vinclozolin, have been 
carried out with fungicide-resistant mutants of crassa 
(Grindle, 1984). In these mutants, the correlation between 
vinclozolin resistance and osmotic sensitivity is well 
documented with all the vinclozolin-resistant mutants also 
being osmotic sensitive. Mutants resistant to vinclozolin were 
shown to have varying degrees of osmotic sensitivity with those 
mutants which were highly resistant to vinclozolin usually 
being very osmotic-sensitive (Grindle, 1984). Supporting 
Grindle's work, vinclozolin-resistant mutants isolated in the 
present study were also all found to be osmotic-sensitive. 
Interestingly, the converse was not true and not all osmotic- 
sensitive mutants studied were resistant to vinclozolin. Only 
one, SS-302-14, out of 18 osmotic-sensitive mutants isolated in 
the Georgia Southern College Neurospora Laboratory was found 
to be resistant to vinclozolin at 100 pg/ml. Lack of 
vinclozolin resistance in osmotic-sensitive mutants has also 
been reported by Grindle and Temple (1982). Osmotic 
sensitivity therefore appears to be due to different 
mechanisms, only some of which are involved with vinclozolin 
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resistance. 
It is believed that the traits of osmotic sensitivity and 
altered morphology in osmotic-sensitive mutants are 
pleiotrophic effects of a single gene and these mutants are 
routinely scored on the basis of morphology alone 
(Perkins et al., 1982). The prevailing notion is that a cell 
wall/ membrane abnormality is responsible for both osmotic 
sensitivity and altered morphology. In support of such an 
abnormality, altered cell wall chemistry (Trevithic and 
Metzenberg, 1966; Mays, 1969) and physiology (Trevithic and 
Metzenberg, 1966a, 1966b) have been demonstrated in the 
osmotic-sensitive mutants. Further support is furnished by the 
use of osmotic sensitive mutants, especially os-1, in the 
formation of protoplasts which lack cell walls (Mishra and 
Tatum, 1972). 
There is some evidence that the cell wall of the fungus 
might be the site of some of the effects of vinclozolin. 
Albert (1981, cited in Leroux and Fritz, 1984) found that 
cinerea conidia incubated in vinclozolin formed sphaeroplasts 
which ruptured when placed in water, an indication that the 
cell wall was deficient or absent. Sphaeroplasts also were 
formed from hyphae incubated in the same concentration of 
vinclozolin. However, these sphaeroplasts failed to rupture in 
water, the failure being attributed to abnormally thick walls 
in the sphaeroplasts. These results imply an effect from 
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fungicides on cell walls and show different effects of the 
fungicides on different structures of the fungus. In view of 
these effects of vinclozolin in which the cell wall is made 
defective, it is difficult to see how a defective wall in 
vinclozolin-resistant, osmotic-sensitive mutants could be 
responsible for resistance to the fungicide. Perhaps an 
already altered cell wall of osmotic-sensitive mutants might 
eliminate the site of action of the fungicides. However, in 
this study fungicide resistance was expressed by phenotypically 
recombinant progeny which were not osmotic sensitive and which 
appeared not to be morphologically altered. 
Because of the correlation of vinclozolin-resistance with 
osmotic sensitivity and previous reports of allelisra of the 
mutant Vin-1 with os-1 (Grindle, 1983), it was of interest to 
examine mutants isolated in this study for allelism with the 
known osmotic-sensitive mutants, os-1, os-2, os-4 and os-5. 
The mutant F2132-22 showed linkage to the mating type locus 
with an 8% recombination. No complementation was apparent 
between the mutant and os-4 which is near the mating type 
locus. However, since forcing markers were not present, lack 
of complementation could not be interpreted to indicate 
allelism. Crosses made to evaluate allelism between F2I32-22 
and os-4 were infertile. Difficulty in making crosses between 
osmotic-sensitive mutants has been previously reported (Mays, 
1969). Thus it is not yet known if 132-22 is an allele of 
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os-4. 
Because preliminary mapping studies of the vinclozolin- 
resistant mutants F2 27-9, F2 61-21, F 75-2 placed them in 
L.G. I or IT, it was possible that they could be allelic to one 
or more of the known osmotic-sensitive mutants in L.G. I, ie. 
os
~l> os~4, or os-5. No osmotic-sensitive mutants have been 
reported in L.G. II. The failure of the mutants to show 
linkage to mating type makes it unlikely that they are allelic 
to os-4. Allelism of two of the mutants F2 61-21 and F^ 75-2, 
to os-1 or os-5 has not been ruled out. However, one of the 
mutants, F2 27-9, was shown through complementation tests, not 
to be allelic to os-1 or os-5. Thus, this mutant does not 
appear to be allelic to the known osmotic-sensitive mutants in 
L.G. I. Grindle (1983), also found vinclozolin-resistant 
mutants which were not allelic to os-1, os-2, os-4 or os-5. 
Clearly vinclozolin reistance and osmotic sensitivity must be 
multigeni c. 
Although vinclozolin-resistant mutants are considered to 
be less fit than the wild type strain due to osmotic 
sensitivity, poor radial growth and poor sporulation, Grindle 
and Temple (1985) working with os-5 found evidence of modifer 
genes which combined high resistance to vinclozolin with low 
osmotic sensitivity, fast growth and excellent sporulation. 
Analysis of crosses of an os-5 strain to an auxotrophic pan-2 
strain confirmed the effect of a modifier gene (mod) on os-5 
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(Grindle and Dolderson, 1986). 
Evidence supporting the existance of a modifier gene or 
genes was also found in the present study. In these 
vinclozolin-resistant mutants, the traits vinclozolin 
resistance, osmotic sensitivity and altered morphology were 
found to be linked. Phenotypically recomhinant progeny which 
were vinclozolin-resistant but not osmotic-sensitive and which 
had a wild type appearance (vin, os ^ morph+) were recovered 
from crosses between vinclozolin-resistant mutants and wild 
type. However, subsequent crosses of the recombinants to wild 
type produced progeny expressing the traits of osmotic 
sensitivity and altered morphology in addition to vinclozolin 
resistance (vin, os, morph). A modifier gene or genes such as 
those reported by Grindle and Dolderson (1986) could explain 
the reappearance of these traits in the mutants. 
Altered morphology in the recombinants, appeared to be 
associated with osmotic sensitivity but not with vinclozolin 
resistance since it was always present or absent as was osmotic 
sensitivity, regardless of the expression of vinclozolin 
resistance. In this study morphology was scored visually and 
it is possible that morphology of the recomhinant strains might 
differ microscopically from that of wild type. If this should 
be the case, differing degrees of alteration of morphology 
might be expressed in the presence or absence of the putative 
modifier(s). 
Because no true recomblnants were found, the three traits 
are either very closely linked or else are the result of 
pleiotrophic effects of a single gene locus. If these traits 
are indeed pleiotrophic, it is interesting that modifiers 
affect osmotic sensitivity/altered morphology without affecting 
vinclozolin resistance. If an abnormal cell wall should be the 
site of action of the fungicide, then gross alteration must not 
be necessary for resistance. 
While vinclozolin-resistant isolates do appear to be less 
fit, isolates that are vinclozolin-resistant but carry modifer 
genes affecting growth and sporulation may rival sensitive 
isolates in the field. If similar systems are present in 
pathogenic fungi, the development of fungicide-resistant 
strains may present an even more serious problem than 
previously recognized. 
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Fig. 1 Growth rates of wild type 74a and Group I vinclozolin-resistant mutants 
of N. crassa on W-M (100 ug vinclozolin/ml) media and W-M media 
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b. Growth rate of the vinclozolin-resistant mutant, Fj 21-9 
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Fig. 2 Growth rates of wild type 74a and Group II vinclozolin-resistant mutants 
of crassa on W-M (100 \ig vinclozolin/ml) media and W-t.i madia 
a. Growth rate of wild type 74a 
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b. Growth rate of the vinclozolin-resistant mutant, F2 61-21 
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Fig* 3 Growth rates of wild type 74a and Group III vinclozolin-resistant mutants 
of crassa on W-M (100 pg vinclozolin/ml) media and W-M media 
a. Growth rate of wild type 74a 
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c. Giwth rate of the vinclozolin-resistant mutant, 132-22 
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Table 1 
Isolation and selection of vinclozolin-resistant mutants 
of N.crassa following ultraviolet irradiation 
Number of colonies picked 179 
Number of isolates remaining viable 177 
Number of isolates tested on 10 jug vinclozolin/ml 177 
Number of isolates resistant on 10 jug vinclozolin/ml 177 
Number of isolates chosen for analysis  6 
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Table 16 58 
Complementation for growth on W-M (6% NaCl) of pairwise 
combinations of vinclozolin-resistant mutant strains 
under investigation and known osmotic sensitive mutants 
Vinclozolin-resistant 
strains under  Known osmotic mutants  
investigation os-1 os-2 os-4 os_5 
F2 27-9 
F 2 61-21 
F2 75-2 
F2 132-22 
5' 
Table 17 
Osmotic-sensitive mutants growth tested on W-M (LOO pg vinclozolin/ml) 
Osmotic- 
sensitive Growth on 
mutants W-M (100 jag vinclozolin/ml) 
M-14 
SS-18 
SS-129-7-32 
M-134-19-17 
SS-190 
SS-302-14 + 
SS-316 
SS-398-18 
SS-462-A 
SS-499-6-37 
SS-656-8-37 
SS-692-2 
SS-788-13-1 
SS-930 
SS-931-5-8 
SS-1018-12 
SS-1044-32-32 
Weird - 
Table 18 
Growth of vinclozolin-resistant mutants on W-M 
containing various concentrations of NaCl 
Mutant Isolates % NaCl Concentrations 
1% 2% 3% 4% 5% 6% 
F2 27-9 6 6 0 0 0 0 
F2 61-21 6 6 6 4 1 0 
F2 75-2 6 6 6 5 3 0 
F2 103-4 6 0 0 0 0 0 
F 2 131-85 5 5 2 0 0 0 
F2 132-22 6 5 5 1 0 0 
Scoring range: 0-6, 
0 = No Growth 
6= Growth like the mutant on W-M 
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